he time from hospital admission to reperfusion is an important predictor of the outcome for patients with ST-elevation myocardial infarction (STEMI). 1-3 Guidelines for the management of STEMI issued by the American College of Cardiology/American Heart Association and the European Society of Cardiology recommend primary percutaneous coronary intervention (PCI) for reperfusion therapy when it can be performed in a timely manner (ie, door-to-balloon time (DTB) or first medical contact-to-balloon time within 90 min) by experienced operators at high-volume centers. 4, 5 However, emergency primary PCI is not always feasible, and treatment is frequently delayed. In Japan, PCI can be performed at many hospitals, and the predominant strategy for reperfusion therapy is primary PCI, 6-9 but how rapidly reperfusion is achieved in Japanese hospitals that routinely perform PCI remains unclear. Drugs, devices, and techniques for primary PCI have been actively debated, whereas shortening the time to reperfusion has only recently received attention. This study evaluated DTB and analyzed its components in patients with STEMI who were admitted to emergency hospitals in an urban setting in Japan and examined differences in DTB according to the type of hospital.
received thrombolytic therapy without coronary angiography. All clinical data were collected from medical records by a single researcher. The 12 participating institutions consisted of 1 tertiary emergency center (TEC) and 11 community hospitals (CHs), all of which could perform PCI. The study period was from January through December 2006.
Data Analysis and Definition
We compared the institutional and patients' baseline characteristics between the TEC and CHs. Time factors such as DTB and its components were also compared. We then analyzed variables associated with treatment delays and clinical outcomes.
Door time was defined as the arrival time at the emergency department where emergency cardiac catheterization was performed (not the arrival time at referral hospitals for transferred patients). Balloon time was defined as the time of first balloon inflation, or the time of stent implantation if the patient underwent primary stenting. PCI was considered successful if a Thrombolysis In Myocardial Infarction (TIMI) flow grade of 2-3 was obtained in the infarct-related artery in the presence of <50% residual stenosis with balloon angioplasty or <20% residual stenosis with stent implantation. If initial angiography showed TIMI grade 3 flow with >75% stenosis, additional PCI was left to the discretion of the attending physician.
Presentation time was divided into "regular hours"
(defined as weekdays from 08.30-19.59 h) and "off-hours" (weekdays from 20.00-08.29 h and weekends).
Statistical Analysis
Statistical analysis was performed with SPSS 11.0 for Windows (SPSS, Inc, Chicago, IL, USA). The KolmogorovSminov test was used to analyze the normality of the distribution of the study variables. Values are expressed as mean ± SD or median with interquartile ranges. Univariate comparisons of continuous variables between groups were done with unpaired t-tests for normally distributed variables and Mann-Whitney tests for skewed variables. Categorical variables were compared with chi-square tests or Fisher's exact test. Multivariable logistic-regression analysis was performed with the variables that were significantly related to outcome variables in the univariate analyses to determine predictors of DTB within 90 min and of 30-day mortality. Differences were considered significant at P<0.05. Table 1 shows the characteristics of the hospitals. The TEC was a high-volume center with many strategies to reduce the DTB. An attending cardiologist is always available to examine patients who present with chest discomfort at the emergency department, as compared with only 1 of the 11 Abbreviations see in Table 1 . CHs. The TEC has a pre-hospital 12-lead ECG transmission system from the ambulance to the emergency department, and ECG transmission was performed in approximately 50% of the TEC patients.
Results

Hospital Characteristics
Patients' Characteristics
Within the overall study group, 98 (27%) patients were admitted to the TEC and 271 (73%) to CHs. There was no difference in sex, infarct location, or the rate of Killip class ≥2 between the 2 types of institution. The patients admitted to TEC were younger than those admitted to CHs. Fibrinolytic therapy with low-dose tissue plasminogen activator with facilitated PCI was performed in 42 patients (43%) in the TEC and in 93 (34%) patients in the CHs. Overall, 15 patients who received fibrinolytic agents did not undergo PCI because of successful reperfusion as confirmed by coronary angiography, without balloon angioplasty. These patients were excluded from the analysis regarding the time from CAG to first balloon inflation. First-contact physicians were more frequently cardiologists in the TEC. The proportion of patients transferred from other hospitals was higher in the TEC, whereas the rate of self-transport to the hospital was significantly lower ( Table 2) .
Angiographic Findings and Interventional Procedure Rate
The frequency of PCI-related procedures such as thrombectomy, use of distal protection devices, and pre-intravascular ultrasound differed between the 2 types of institution. Balloon angioplasty (POBA), stent implantation, or both Values are median with interquartile ranges. CAG, first coronary angiography; DTB, door-to-balloon time. Other abbreviations see in Table 1 . were performed in 82% of the patients in the TEC and in 85% of those in CHs. PCI was successful in 95% of the patients treated in the TEC and in 98% of those treated in CHs. The proportion of patients with a final TIMI flow grade of 3 did not differ between the TEC and CHs ( Table 3) .
Time Factors Related to Reperfusion and Clinical Outcome
The time from symptom onset to admission was slightly but not significantly longer in the CHs. The time from admission to ECG recording and the time from first coronary angiography to first balloon inflation were similar in the 2 types of hospital. However, the time from ECG recording to the cardiac catheterization laboratory was significantly longer in the CHs, resulting in a longer DTB. The TEC had a median DTB of 63 min and achieved a guideline-recommended DTB within 90 min in 96% of patients, whereas the CHs had a median DTB of 101 min and only 39% of patients achieved a DTB within 90 min ( Table 4) . Presentation during off-hours significantly prolonged the DTB for 27 min as compared with presentation in regular hours in the CHs, whereas the time of presentation did not influence the DTB in the TEC (Figure 1) . Moreover, treatment was markedly delayed (DTB >150 min) in 18% of the patients treated at CHs, and this increased to 30% when a non-cardiologist was the first-contact physician. There was a trend toward lower 30-day mortality from all causes in the TEC in the overall study group (2.0% vs 4.8%, P=0.08).
Variables Influencing DTB in CHs
Because a guideline-recommended DTB was achieved in most of the patients treated in the TEC, the variables that influence the DTB were analyzed among the patients who were admitted to a CH. Hospitals that performed more than 200 PCI per year did not have a shorter DTB than hospitals that performed less procedures. After multivariable adjustment, lateral MI, presentation during off-hours, and noncardiologist as first-contact physician were significantly associated with a prolonged DTB ( Table 5) . Inter-hospital transportation occurred in 21% of patients admitted to a CH, but was not a significant factor for DTB >90 min on multivariate analysis. After excluding referred patients and analyzing data only from patients with direct transportation, the results for time factors were similar to those obtained for the study group as a whole. Table 6 shows the predictors of 30-day mortality from all causes in patients who underwent emergency PCI. Multiple logistic regression analysis showed that age >75 years, anterior MI, Killip class ≥2, final TIMI flow grade ≤2, and DTB >90 min were independent predictors of mortality within 30 days.
Analysis of Predictors of 30-Day Mortality
Discussion
Our study showed that CHs achieved the guideline-recommended DTB in less than 40% of patients with STEMI, and that prolonged DTB was an independent predictor of 30-day mortality. Delayed treatment was associated with patient presentation during off-hours and non-cardiologists as the first-contact physician. In contrast, the TEC, which specialized in cardiac emergency care, performed rapid reperfusion therapy in most patients.
Prompt PCI significantly reduces mortality and morbidity in patients with STEMI, and prolonged DTB has been associated with poor outcomes. [1] [2] [3] [4] [5] 10 However, most previous studies were performed in Western countries at medical centers with experienced PCI providers. We investigated whether a similar situation exists in Japanese hospitals. In contrast to Western countries, many hospitals in Japan can perform PCI and consequently, 75-94% of patients with STEMI undergo primary PCI for reperfusion therapy, [6] [7] [8] including those treated at low-volume centers. 11, 12 Our find- ORs of prolonged DBT are shown. Variables reaching P<0.05 on univariate analysis were entered into the multivariate analysis. *Although annual PCI volume is included, it was not associated with prolonged DBT and was not entered into the multivariate analysis. CI, confidence interval; OR, odds ratio. Other abbreviations see in Tables 1,4 .
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ings showed that PCI volume at the CHs was unrelated to either DTB or 30-day mortality in contrast to results obtained by Western studies, where a prolonged DTB was associated with higher 30-day mortality. This outcome suggests that the establishment of emergency cardiac care systems is a more important factor in the reduction of DTB than the treatment of patients with STEMI at high-volume centers, consistent with the recommendations of "Development of System of Care for ST-Elevation Myocardial Infarction," issued by the American Heart Association. 13 A recent study has shown that hospital policies that emphasize having a well-equipped catheterization laboratory staffed by attending cardiologists and other dedicated care providers contributes to a reduced DTB. 14 In another study, the establishment of protocols requiring that the cardiac catheterization laboratory is activated by emergency department physicians and that patients with cardiac problems are immediately transferred and treated at catheterization laboratory significantly reduced DTB by 38 min overall, 15 contributing to a decrease in mean infarct size. Our study found that non-cardiologists as first-contact physician and off-hour presentation were associated with prolonged DTB in Japan. In the CHs, more than half of the patients with STEMI were initially treated by a non-cardiologist, who quickly obtained a 12-lead ECG for patients who had symptoms suggesting STEMI, but the time from ECG to the catheterization laboratory remained prolonged. The time from first coronary angiography to first balloon inflation, the PCI success rate, and the proportion of patients with a final TIMI flow grade of 3 did not differ between the CHs and TEC, suggesting the cardiologists were unaware of treatment delays that occurred before they were consulted. Ideally, all patients with symptoms suggesting STEMI should be examined by a cardiologist immediately after admission; however, most CHs do not have a 24-h on-site attending cardiologist 7 days per week because of limited human and financial resources. Non-cardiologists should therefore be aware of the clinical significance of the DTB and immediately transfer patients suspected to have STEMI to the cardiac catheterization laboratory.
In Vienna, Austria, the establishment of a cooperative network and implementation of the guidelines for the treatment of STEMI led to earlier reperfusion therapy and significantly improved clinical outcomes. 16 Pre-hospital ECG transmission enables on-call cardiologists to be notified before the patient arrives in the emergency department and reduces PCI-related delays, with earlier activation of the catheterization laboratory. [17] [18] [19] We believe that pre-hospital ECG transmission and analysis contributed substantially to the higher rate of a DTB within 90 min at the TEC in our study.
In conclusion, our results suggest that the design and implementation of appropriate guidelines and the improvement of hospital performance through the organization and establishment of emergency cardiac care systems will consistently ensure rapid reperfusion in patients with STEMI. Optimal policies tailored to meet the needs of specific communities are likely to reduce the DTB and lead to improved outcomes.
Study Limitations
This study included a small number of patients and was performed in a single region of Japan. Overall, 37% of patients underwent facilitated PCI with a half-dose of tissue plasminogen activator; negative results after facilitated PCI have been reported, 20, 21 but several studies, including the Comparison of Angioplasty and Prehospital Thrombolysis In acute Myocardial infarction (CAPTIM) trial, 22 the Vienna registry, 16 and the National Registry of Myocardial Infarction (NRMI), 18 have demonstrated the effectiveness of fibrinolytic therapy early after the onset of MI. In addition, the former 2 trials also confirmed the efficacy of immediate PCI after fibrinolytic therapy. 16, 22, 23 We therefore administered a half-dose of fibrinolytic therapy followed by PCI in younger patients who presented early after onset.
Although the DTB at the TEC was within guideline recommendations in nearly all patients with STEMI, a direct comparison with the results of previous Western studies is precluded by differences in the definition of the DTB for transferred patients. Indeed, inter-hospital transfer has been found to be a strong independent predictor of a delayed time from first hospital arrival to first balloon inflation, 24 but the present study focused on hospital performance to identify in-hospital problems that need to be solved. Furthermore, we must recognize that emergency care systems in Japan might differ considerably from those in Western countries.
Conclusion
A DTB longer than 90 min was associated with a higher 30-day mortality in Japanese patients with STEMI. Guideline-recommended DTB was achieved in most of the patients in the TEC, as compared with less than 40% in CHs. Although the DTB was frequently longer in CHs, there was no correlation between PCI volume and DTB. Establishment of emergency systems for STEMI care with the goal of a DTB within 90 min is required in PCI-capable hospitals to improve clinical outcomes.
